Lipid trafficking controls endotoxin acylation in outer membranes of Escherichia coli.
The biogenesis of biological membranes hinges on the coordinated trafficking of membrane lipids between distinct cellular compartments. The bacterial outer membrane enzyme PagP confers resistance to host immune defenses by transferring a palmitate chain from a phospholipid to the lipid A (endotoxin) component of lipopolysaccharide. PagP is an eight-stranded antiparallel beta-barrel, preceded by an N-terminal amphipathic alpha-helix. The active site is localized inside the beta-barrel and is aligned with the lipopolysaccharide-containing outer leaflet, but the phospholipid substrates are normally restricted to the inner leaflet of the asymmetric outer membrane. We examined the possibility that PagP activity in vivo depends on the aberrant migration of phospholipids into the outer leaflet. We find that brief addition to Escherichia coli cultures of millimolar EDTA, which is reported to replace a fraction of lipopolysaccharide with phospholipids, rapidly induces palmitoylation of lipid A. Although expression of the E. coli pagP gene is induced during Mg2+ limitation by the phoPQ two-component signal transduction pathway, EDTA-induced lipid A palmitoylation occurs more rapidly than pagP induction and is independent of de novo protein synthesis. EDTA-induced lipid A palmitoylation requires functional MsbA, an essential ATP-binding cassette transporter needed for lipid transport to the outer membrane. A potential role for the PagP alpha-helix in phospholipid translocation to the outer leaflet was excluded by showing that alpha-helix deletions are active in vivo. Neither EDTA nor Mg(2+)-EDTA stimulate PagP activity in vitro. These findings suggest that PagP remains dormant in outer membranes until Mg2+ limitation promotes the migration of phospholipids into the outer leaflet.